Background: As an innovative solution to poor access to care in low-and middle-income countries (LMICs), m-health has gained wide attention in the past decade. Introduction: Despite enthusiasm from the global health community, LMICs have not demonstrated high uptake of mhealth promoting policies or public investment. Materials and Methods: To benchmark the current status, this study compared m-health policy readiness scores between subSaharan Africa and high-income Organization for Economic Cooperation and Development (OECD) countries using an independent two-sample t test. In addition, the enabling factors associated with m-health policy readiness were investigated using an ordinal logistic regression model. The study was based on the m-health policy readiness scores of 112 countries obtained from the World Health Organization Third Global Survey on e-Health. Results: The mean m-health policy readiness score for subSaharan Africa was statistically significantly lower than that for OECD countries (p = 0.02). The enabling factors significantly associated with m-health policy readiness included
Introduction

U
sing mobile devices to improve upon three overarching quality measures of public health-(1) structure, (2) process, and (3) outcome-has become increasingly popular in low-and middle-income countries (LMICs) as well as in developed countries.
1,2 M-health makers, philanthropists, nongovernmental organizations, industry and international organizations to solve public health challenges that LMICs face. However, there remain two broad issues regarding m-health policy development and implementation. First, policy support by LMICs of m-health programs has been limited by healthcare infrastructure and resources. 5, 6 Several studies have recognized the need for robust policy support for m-health in LMICs, but no study has attempted to quantify the existing disparities in m-health policy readiness between LMICs and developed countries. 5, [7] [8] [9] [10] Second, there is little empirical evidence on what factors can contribute to increased policy uptake and how these factors can be effectively applied to the policy agenda. Even though m-health has been recognized as a useful e-health tool for strengthening health systems in limited resource settings, the mechanisms of m-health adoption as part of national e-health policy are still not well understood. 5, 11 To address this gap in the literature, this study had two objectives. First, a measure of the level of m-health policy readiness was compared between sub-Saharan Africa and high-income countries from Organization for Economic Cooperation and Development (OECD), using the data from the Third Global Survey on e-Health by the World Health Organization (WHO). Sub-Saharan Africa was chosen as focus of the study because there has been an explosion in m-health investment in this region to address public health problems in terms of financial resources, workforce, and infrastructure. 12, 13 To benchmark the status of m-health policy uptake in the region, OECD countries are compared to sub-Saharan Africa as they are known to be relatively wealthy with larger amount of resources and policy support.
The second objective was to identify enabling factors associated with m-health policy readiness by examining the cases of 112 countries that provided sufficient data from the same survey on e-health by WHO. Given varying degrees of technological bases and resources available in different countries, it is important to understand key enabling factors for scalable and sustainable m-health development. The evidence from this research can be used to inform policy makers responsible for policy planning for m-health development at the national or international level.
Materials and Methods
DATA SOURCES
Data on m-health policy readiness were obtained from the Third Global Survey on e-Health conducted by the WHO Global Observatory for e-Health in 2015.
14 As e-health is an umbrella term for the use of information and communication technology (ICT) in healthcare, the survey provides the global landscape of e-health activities, including e-health foundations, m-health, telehealth, e-learning, electronic health records, legal frameworks, social media, and big data. 15 Among these activities, this study focused on the m-health section, which assessed health system level and policy readiness for different m-health activities. The survey was based on selfreporting by national subject experts from each country, and 125 countries responded to the survey with 64% response rate. 14 The survey was completed between April and August 2015 and reflected the most up-to-date information at the national level. 14 Secondary data sources for the independent variables included the World Bank, WHO, and International Telecommunications Union (ITU).
STUDY POPULATION
For the comparative analysis of m-health policy readiness between sub-Saharan Africa and OECD countries, 30 subSaharan African countries and 31 OECD countries were included among the 125 countries that completed the survey. Thus, the study population represents 63% of sub-Saharan African countries (30 out of 48 countries) and 89% of OECD member states (31 out of 35 member states).
For the analysis on enabling factors associated with m-health policy readiness, data from 112 WHO member states (out of the 125 countries that completed the survey) that provided sufficient details for analysis were included. The remaining 13 countries were excluded because the data for independent variables were mostly unavailable. The 112 countries included 38 high-income countries, 30 upper middle-income countries, 29 lower middle-income countries, and 15 low-income countries. The study population for each set of analysis is summarized in Figure 1 .
M-HEALTH POLICY READINESS: THE SCORING SYSTEM
M-health policy readiness is the primary outcome variable for the two statistical analyses conducted in our study. The variable was scored using the following scheme: for each of the 14 m-health activities such as mobile telehealth and mobile disease surveillance, the respondents from each country could identify their program type as informal, pilot, or established. The score for each m-health activity was assigned as 0, 1, 2, and 3, reflecting responses of ''unanswered,'' ''informal,'' ''pilot,'' and ''established,'' respectively. Then the total m-health readiness score was calculated by summing up the scores given for each of the 14 m-health activities. The score thus ranges from 0 to 42 for each country. For the unanswered items, no score is added (i.e., the score of 0) with the assumption that the specific m-health activity for the unanswered item is either not adopted at the national level or its status is unknown. This is because the respondents were given possible answer options only for the programs adopted (informal, pilot, and established), and therefore, they had no choice, but to leave the item unanswered for a program that is not implemented. The more detailed scoring method for the m-health policy readiness is presented in Table 1 .
STATISTICAL ANALYSIS 1: COMPARISON OF M-HEALTH POLICY READINESS
For the comparative analysis on m-health policy readiness between sub-Saharan Africa and OECD countries, an independent two-sample t test was conducted. Specifically, the mean difference in m-health policy readiness score was compared between sub-Saharan Africa and OECD countries.
STATISTICAL ANALYSIS 2: EXAMINATION OF ENABLING FACTORS ASSOCIATED WITH M-HEALTH POLICY READINESS
To identify enabling factors associated with m-health policy readiness, ordinal logistic regression analysis was performed. 16 The three ordinal outcome categories based on the score for m-health policy readiness were labeled as follows: (1) late adopters, (2) the majority, and (3) innovators. The cutoff values for each ordinal category were determined based on tertiles that divide the range of probability distribution for m-health policy readiness scores into three equal-sized groups. The labels were named based on a modified version of Rogers' diffusion of innovations theory. 17 The modified version of the theory was developed by Nykiforuk et al. 18 to assess readiness for policy change in the public health context. Late adopters are those with the lowest scores, indicating informal policy readiness level. Those in the middle are at the pilot stage of policy readiness. The innovators are those who have the highest scores with established formal m-health policy readiness. The predictor variables were selected based on empirical evidence from the literature. [5] [6] [7] [8] [9] [10] 19 First, a country's ICT Development Index (IDI) developed by ITU, which comprehensively measures the level of three components of ICT development, (1) ICT infrastructure and access, (2) ICT use, and (3) ICT skill at the national level, was considered. 20 Different weights were applied for each of these three components. The IDI includes 11 subindices, including mobile phone subscriptions per 100 people and mean years of schooling. 20 Appendix Table 1 shows the detailed indices under the three components. The IDI is a powerful indicator of a country's capacity for a multifaceted ICT system with a standardized range from 1 to 10. The higher the IDI, the more advanced a country is in terms of ICT capacity. Second, the e-health education or training for health professionals offered by any institution or association in a country was taken into account. The dichotomous measure on whether e-health education was offered or not was derived from the Third Global Survey on e-Health. Third, the government expenditure on health as percent of total government expenditure was included in the model as financing is a critical component in m-health policy readiness. Also, a dummy variable for subSaharan African country versus others was included as the mhealth is growing most rapidly in sub-Saharan Africa, but at the same time, resources are more limited in this region. 12 Last, a country's gross national income (GNI) per capita was included as a covariate to control for the effect of size of a country's economy on mhealth policy readiness. One of the important assumptions for the ordinal logistic regression model is the proportional odds assumption, also known as parallel regression assumption. This assumes that there is only a single set of coefficients in the equation and the effect of each predictor variable on the log odds is the same across the categories of the ordinal outcome variable. 16 This means that for each predictor variable, the estimated logits or the odds ratios of being at or beyond (or being at or below) categories 1, 2, or 3 are assumed to be the same at each category level. 16 To test if the proportional odds assumption holds in our model, the Brant test was performed. 16 All statistical analysis was performed using STATA V14. 21 
Results
SCORES OF M-HEALTH POLICY READINESS ACROSS SURVEY COUNTRIES
Overall, the mean m-health policy readiness score for 112 countries was 19.7 (range 0-42, standard deviation [SD] 12.0). There were 39 countries in the first and second tertiles (late adopters and the majority) and 34 countries belonged to third tertile (the innovators). Among 34 innovator countries, 44% (15 countries) were high-income countries, whereas 46% of the late adopters (18 out of 39) were low-income countries or LMICs according to 2015 World Bank income group classification. 22 Mean percentage of government expenditure on health for the innovators was 12.8%, whereas for the late adopters, it was 11.7%. There was only a small mean difference in the government expenditure on health between the innovators (12.8%) and the majority (12.1%). E-health education or training for health professionals was offered in 94% of the innovator countries (32 out of 34), while 67% of the Tables 2 to 4 . Figure 2 illustrates the comparison of m-health policy readiness scores between 30 sub-Saharan African and 31 OECD countries. Five countries with the highest m-health policy readiness scores were all OECD countries (Sweden, Canada, Latvia, Turkey, and United Kingdom). Four out of the five countries ranked with the lowest scores are located in subSaharan Africa (Equatorial Guinea, Guinea-Bissau, Lesotho, and Somalia). The mean score of m-health policy readiness for sub-Saharan African countries was 16.8 (SD 12.0) and that for OECD countries was 23.7 (SD 11.1). There was a statistically significant difference in mean scores of m-health policy readiness for sub-Saharan Africa and the OECD countries with p = 0.02. The effect size, Cohen's d, was 0.6.
LEVEL OF M-HEALTH POLICY READINESS: COMPARISON BETWEEN SUB-SAHARAN AFRICA AND OECD
ENABLING FACTORS ASSOCIATED WITH M-HEALTH POLICY READINESS
Descriptive statistics and the associated factors for m-health policy readiness among 112 countries from ordinal logistic regression model are presented in Table 3 . The Brant test result indicated that the proportional odds assumption has not been violated ( p = 0.98) and therefore, the proportional odds model for ordinal response could be fitted. The ordinal logistic regression analysis showed that three variables, (1) IDI, (2) ehealth training, and (3) location in sub-Saharan Africa, were statistically significantly associated with the outcome variable, m-health policy readiness. For IDI, the odds of being above a particular category of m-health policy readiness (higher level of readiness) were compared to below that particular category increase by 1.57 for a one-unit increase in IDI, holding all the other predictors constant. Figure 3 presents predicted probabilities of m-health policy readiness levels by IDI values. The late adopter groups tended to have higher probability of having low IDI values, whereas the innovators were more likely to have high IDI values.
For the countries that offer e-health education for health professionals, the odds of being above a particular category of mhealth policy readiness (higher level of readiness) compared to below that particular category were 4.43 times as large as those for the countries without e-health education for healthcare professionals. In addition, the odds of being above a particular category of m-health policy readiness for countries located in sub-Saharan Africa were 3.47 times as large as those located elsewhere.
Discussion
The study measured m-health policy readiness at the country level, comparing the levels between the sub-Saharan African region and high-income OECD countries, and examined enabling factors associated with m-health policy readiness. The mean m-health policy readiness score was found to be significantly lower for sub-Saharan Africa than OECD. It implies that, in general, high-income countries are relatively more prepared for the m-health as a policy option when compared to subSaharan Africa. The result from this study is in line with previous discussions in the literature regarding limited policy support for m-health or e-health in LMICs. 10 In fact, among 48 sub-Saharan Africa countries, only one country is classified as a high-income country (Seychelles) and the remaining 47 countries are LMICs. 22 Even though the potential of m-health in LMICs has been widely acknowledged, long-term policy support and buy-in from the leadership in these countries are still more limited than that in high-income countries. 5 Lower level of policy support for m-health in sub-Saharan Africa can result in ad hoc approach that makes it difficult to establish sustainable environment for m-health. In this light, challenges that LMICs face have been twofold. First, more evidence is needed on the effectiveness of m-health to gain support for system-level and policy investment. 23 Another issue is that establishing a body of evidence requires transformation of current practice of pilots into national or scalable programs, which in turn can be achieved by policy support. 24 In other words, the key to taking advantage of mhealth in LMICs, including sub-Saharan African region, is the uptake of m-health on a country's health policy agenda. 5 This study identified that IDI, e-health education for health professionals, and location in sub-Saharan Africa are related to higher level of m-health policy readiness. These findings are consistent with previous research on m-health adoption and readiness, and provide insights into the way forward for accelerating m-health policy implementation. First, technological readiness and ICT infrastructure are a prerequisite for m-health implementation. 8, 25, 26 As the IDI value is a composite measure for ICT access, use, and skills, the technological readiness for m-health not only embraces mobile network coverage or mobile phone subscriptions but also the technology and health literacy of the population. Second, education or training among health professionals should be supported to facilitate m-health adoption. Numerous studies mentioned the importance of education to enhance motivation, technical expertise, and knowledge for m-health among health professionals. 7, 8, 10, 19 By providing education and training, countries can minimize CI, confidence interval; GNI, gross national income; IDI, ICT Development Index; OR, odds ratio; PPP, purchasing power parity; SD, standard deviation; SE, standard error. 
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914 TELEMEDICINE and e-HEALTH NOVEMBER 2018 reluctance or resistance to the adoption of new technology from health professionals and encourage them to become champions in their organizations. Third, compared to other regions, sub-Saharan Africa has been known to be the place with burgeoning supply and demand for m-health. 12 The growth of m-health in sub-Saharan Africa over the past decade proved that several countries in this region such as Kenya and South Africa are ready to lead the m-health initiative globally. 9 Sub-Saharan Africa has dual responsibilities and policy goals in relationship to m-health. On the one hand, it needs to take pilot-based m-health to the next policy level by leveraging enthusiasm, availability, and technological capacity. As discussed in this research, technological and educational support are critical for improving overall levels of m-health adoption. In doing so, sub-Saharan Africa can have adequate policy support for m-health at the national and regional level. On the other hand, sub-Saharan Africa can take the lead role for promoting m-health practice in the international community. Recently, sub-Saharan Africa has experienced exponential growth in m-health programs with greater availability of mobile technology. The case of sub-Saharan Africa can present examples and best practices that can be applied to other resource-limited settings. Furthermore, a global collaboration for building m-health capacity among LMICs can be led by sub-Saharan African countries with sufficient experience in m-health implementation. Lessons learned from the past m-health programs in sub-Saharan Africa can be invaluable for other countries that aim to launch m-health programs at the national level.
In conclusion, our study suggests that the m-health policy readiness level for sub-Saharan Africa is lower compared to high-income countries from OECD. This is partly because the majority of m-health programs in sub-Saharan Africa are pilot projects and funded by international development organizations or donors, while OECD countries tend to adopt a systematic approach to m-health as part of national e-health initiative. However, when compared at the global scale, subSaharan Africa is more likely to be at the advanced level in terms of m-health policy readiness. Part of the reason for this is because the recent growth of m-health programs in subSaharan Africa has been outstanding. As the findings of this study indicated, technological and educational support should be considered to improve m-health policy readiness at the national level. 
